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Aims

 

To provide additional quantification of the risk of flucloxacillin-related liver disease
and to describe time trends in flucloxacillin prescribing in the UK.

 

Methods

 

This was a cohort study using data from the UK General Practice Research Database.
We identified patients with a first-time prescription for flucloxacillin or, for comparison,
oxytetracycline from 1992 to 2002 and cases who developed clinically documented
cholestatic liver disease of uncertain origin after first-time use of these drugs. We also
determined the annual frequency of first-time use of flucloxacillin from 1991 to 2000.

 

Results

 

We identified 283 097 and 131 189 first-time users of flucloxacillin and oxytetracy-
cline, respectively. The risk of cholestatic liver disease per 100 000 first-time users
was 8.5 (95% CI 5.4, 12.6) in the 1–45 days and 1.8 (95% CI 0.6, 4.1) in the 46–
90 days after starting flucloxacillin, and 0.8 (95% CI 0.02, 4.3) in the 1–45 days
after starting oxytetracycline. The frequency of first-time use of flucloxacillin remained
stable between 1991 and 2000.

 

Conclusions

 

Flucloxacillin is now established as an important cause of cholestatic liver disease.
Warnings about the risk have not had an impact on prescribing practices in the UK,
where it remains the predominantly prescribed antistaphylococcal oral antibiotic. This
situation in the UK is in sharp contrast to regulatory actions and changes in prescribing
habits in Australia after identification of the risk of cholestasis associated with fluclox-
acillin, and to the predominant use of the alternative drug dicloxacillin in the USA.

 

Introduction

 

Flucloxacillin is a penicillinase-resistant halogenated
semisynthetic isoxazolyl penicillin used for the oral
antibiotic treatment of soft tissue infections caused by

 

Staphylococcus aureus

 

 (

 

S. aureus

 

). Initial case reports
from the Netherlands and Scandinavia in the 1980s

reported cholestatic liver disease of unknown origin
occurring in flucloxacillin users, and subsequently
numerous similar reports including several case series
from Australia [1–13]. From these reports a well-defined
clinical picture of flucloxacillin-associated liver disease
was described, which consisted of prolonged painless
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jaundice with elevation of cholestatic liver enzymes
diagnosed within 2–6 weeks after prescription, and as
much as 3 weeks after the drug was stopped. Although
most patients eventually recovered within several
months, a chronic vanishing bile duct syndrome was
reported in some patients [5, 9, 10, 14], and fatal cases
were also described [5, 7]. In the early 1990s two pop-
ulation-based epidemiological studies were performed
with data from the UK General Practice Research Data-
base (GPRD), which estimated the risk of cholestatic
liver disease within 45 days after first-time use of flu-
cloxacillin at about 7 in 100 000 patients [15, 16].

By 1994 the Australian Adverse Drug Reactions
Advisory Committee had received 310 reports of liver
disease in association with the use of flucloxacillin,
including 17 cases with a fatal outcome [17]. After 1994
the Australian Department of Human Services and
Health restricted the use of flucloxacillin to severe infec-
tions, all advertising by the manufacturer was stopped,
and cephalexin and erythromycin were recommended
and advertised as alternative treatments [18]. Subse-
quently prescription dispensings in Australia decreased
by about 30% between June 1994 and December 1995
[18]. In the UK only a warning was published by the
Medicines Controls Agency (MCA) in the Current Prob-
lems in Pharmacovigilance bulletin in 1992 [19], and
flucloxacillin is still recommended as first-line treatment
for soft-tissue infections caused by 

 

S. aureus

 

 [20].
The primary objective of the current study was to

update the frequency estimation of cholestatic liver dis-
ease associated with the use of flucloxacillin within the
population of the GPRD from 1992 to 2002. Given that
in Australia a major change in the usage pattern of
flucloxacillin occurred, the second objective of this
study was to investigate the prescribing practices of
flucloxacillin in the UK following the MCA warning
letter and publications in medical journals regarding the
risk of flucloxacillin-induced cholestatic liver disease.

 

Methods

 

Data resource

 

The General Practice Research Database (GPRD) is a
population-based patient database that comprehensively
records medical diagnoses, hospital referrals, prescrip-
tions and demographic details from UK general prac-
tices. The GPRD has been described in detail and has
been used extensively for pharmacoepidemiological
studies. The data have been validated for completeness
and quality by the Boston Collaborative Drug Surveil-
lance Program and others [21]. Data collection for the
GPRD has also been described in detail in the previous
report on cholestatic liver disease associated with flu-

cloxacillin [16]. All the information we received was
identified by an anonymous patient number only.

 

Study population

 

From the GPRD we derived a study population of all
subjects with a first-time prescription of flucloxacillin
or oxytetracycline, recorded after 31 October 1992 (end
date of previous study [15]) to the end of data collection
in 2002.

 

Case definition

 

To detect cases of cholestatic liver disease of uncertain
origin, we used similar criteria as in the previous studies
[15, 16]. All subjects with a coded diagnosis related to
cholestatic liver disease recorded within 1–45 days after
a prescription for flucloxacillin were identified from the
study population. The restriction to cholestatic forms of
liver disease and to the interval of 1–45 days after pre-
scription were chosen because of the characteristic clin-
ical picture of flucloxacillin-associated liver disease
described in clinical reports of liver disease associated
with flucloxacillin [1–13]. For comparison we identified
all subjects with a coded diagnosis related to cholestatic
liver disease 1–45 days after a prescription for oxytetra-
cycline, a drug that has not been associated with chole-
static liver disease. In addition we also looked for cases
of cholestatic liver disease with an onset between 46 and
90 days after prescription of flucloxacillin in the cohort
of flucloxacillin users. The comparison with the risk of
cholestatic liver disease in oxytetracycline users and
during the period of 46–90 days in flucloxacillin users
was chosen in order to control for potential selection
bias that may be related to the prescription of antibiotic
treatment or other unknown factors. The computer-
recorded information on all those subjects was then indi-
vidually reviewed by two of the authors (SR and HJ).
For those cases where computer-recorded data were
consistent with the diagnosis of idiopathic cholestatic
liver disease, detailed clinical records were requested
from the corresponding practices, including relevant
consultant letters, laboratory test results and hospitaliza-
tion summaries. Subsequently cases were classified as
characteristic of drug-induced cholestatic liver disease
when they showed the typical clinical and laboratory
features of drug-induced cholestatic liver disease, i.e.
painless jaundice with predominant elevation of alkaline
phosphatase and bilirubin concentrations, and when no
other causes of cholestasis were identifiable. In cases
where we did not receive requested patient records
because patients had transferred out of the practice, we
based our assessment on the available computer-
recorded information, which often included laboratory
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liver function tests. We excluded all subjects where a
causal relationship was unlikely, i.e. if the history and/
or laboratory findings were not suggestive of cholestatic
liver disease, if a cause of liver disease other than the
drug under study was likely, or if the onset of liver
disease had occurred before exposure to the drug under
study.

 

Prescribing practices over time

 

The number of first-time flucloxacillin users and the
number of all subjects in the GPRD was recorded for
each year between 1991 and 2000, and the frequency of
first-time flucloxacillin users per 1000 subjects in the
GPRD was calculated.

 

Data analysis

 

We calculated the 45 day risks of cholestatic liver dis-
ease and their 95% confidence intervals for the time
periods of 1–45 days and 46–90 days after the first
recorded exposure to flucloxacillin, and 1–45 days after
the first recorded exposure to oxytetracycline. For the
categorical covariates of male or female sex, and age
below 60 years or higher, risk ratios and their 95% con-
fidence intervals were calculated. All calculations were
done with STATA statistical software, version 8.2 for
MacOS X (STATA corporation, College Station, Texas,
USA).

 

Results

 

We identified 283 097 patients with a first-time prescrip-
tion for flucloxacillin and 131 189 patients with a first-
time prescription for oxytetracycline from 1 November
1992 until end of data collection in 2002. Age and sex
distributions of these two populations are shown in
Table 1. After initial review of the computerized patient
records, clinical records were requested for 36 subjects,
of which 23 were received. After reviewing all available
additional clinical information we identified 30 cases
considered to be idiopathic cholestatic liver disease. Of
these cases, 24 occurred in the 1–45 days after starting
flucloxacillin, five occurred in the 46–90 days thereafter,
and one occurred in the 1–45 days after starting oxytet-
racycline. The diagnostic GPRD codes and individual
features of all included cases are presented in Tables 2
and 3, respectively. Six out of the 24 cases occurring 1–
45 days after flucloxacillin were hospitalized. In all but
two cases flucloxacillin was prescribed for soft tissue
infections. The median total dose and duration of treat-
ment in the identified cases of flucloxacillin-induced
cholestatic liver disease 1–45 days after exposure were
8 g (range 5–56 g) and 7 days (range 5–28 days),
respectively, and the median latency time between start

of flucloxacillin treatment and diagnosis of liver disease
was 25.5 days (range 14–44 days). The concomitant use
of a potentially hepatotoxic drug was observed in 4 out
of the 24 cases that occurred 1–45 days post flucloxacil-
lin, and in one out of the five cases that occurred 46–
90 days after flucloxacillin. In one case augmentin, in

 

Table 1a

 

Distribution of flucloxacillin users by age and sex

 

Age (years) Male Female Total row %

 

<

 

20 30599 28973 59572 21.0
20–39 38213 46603 84816 30.0
40–59 32966 36466 69432 24.5
60–79 22696 27267 49963 17.6

 

>

 

79 5814 13500 19314 6.8
Total column 130288 152809 283097
% 46.0 54.0

 

Table 1b

 

Distribution of oxytetracycline users by age and sex

 

Age (years) Male Female Total row %

 

<

 

20 10414 7546 17960 13.7
20–39 19780 23279 43059 32.8
40–59 16449 21170 37619 28.7
60–79 12281 14696 26977 20.6

 

>

 

79 2015 3559 5574 4.2
Total column 60939 70250 131189
% 46.5 53.5

 

Table 2

 

GPRD diagnostic codes of included cases

 

GPRD code Diagnosis

 

Oxmis codes

 

7852 Jaundice
576 A Obstructive jaundice
7852 JC Cholestatic jaundice

 

Read codes

 

J66y600 Obstructive jaundice nos
1675.11 Jaundice – symptom
J633.00 Hepatitis unspecified
R024.00 Jaundice (not of newborn)
R024111 Jaundice
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three cases erythromycin, and in one case trimethoprim-
sulfamethoxazole were prescribed in close temporal
relationship to flucloxacillin (Table 3), and they can
therefore not be ruled out as alternative causes for
cholestasis in these patients.

The estimated 45-day risk per 100 000 first-time users
1–45 days after flucloxacliin (8.48, 95% CI 5.43, 12.61)
was substantially higher than the risk 46–90 days after
flucloxacillin (1.77, 95% CI 0.57, 4.12) and 1–45 days
after oxytetracycline (0.76, 95% CI 0.02, 4.25)
(Table 4).

Only 25% of all first-time flucloxacillin users were
age 60 years or more, whereas 67% of patients with
cholestatic liver disease after flucloxacillin exposure
were within this age group. Subjects with an age of
60 years or above were 6.1 times more likely to develop
cholestatic liver disease after flucloxacillin exposure
than those with an age below 60 years (95% CI 2.9,

13.0). Sixteen out of the 24 cases were female (67%)
compared with 54% in the study population (relative
risk 1.7, 95% CI 0.7, 3.9).

The number of first-time flucloxacillin users between
1991 and 2000 remained stable at about 23 first-time
users per 1000 subjects in the GPRD per year (Figure
1), and also the average number of prescriptions per user
per year remained stable with a mean value of 1.23
(range of mean values for each year from 1991 to 2000
1.20–1.27).

 

Discussion

 

In the absence of a validated specific diagnostic test, the
establishment of the causal relationship of an adverse
event and a drug is a diagnosis of exclusion that is
particularly difficult if the manifestation occurs after
stopping the treatment and the recovery is prolonged, as
is typical for flucloxacillin-induced cholestasis [5, 7, 10,

 

Table 3

 

Individual features of all included cases

 

Age
(years) Sex

Latency
time (days)

Treatment
duration (days)

Total dose
(g) Indication Concomitant medication and comments

a) Cases 1–45 days after first exposure to flucloxacillin

 

Cases where detailed clinical records were available

 

1 69 F 41 10 10 Phlebitis History includes explicit expert diagnosis of
flucloxacillin-induced liver disease.

2 61 F 24 7 7 Eczema History includes explicit expert diagnosis of
flucloxacillin-induced liver disease.

3 58 F 33 7 7 Sebaceous
cyst

History includes explicit expert diagnosis of
flucloxacillin-induced liver disease.

4 69 M 25 7 28 Unknown Diagnostic work-up identified no other 
cause of liver disease.

5 61 M 42 14 28 Skin infection History includes explicit expert diagnosis of
flucloxacillin-induced liver disease.

6 35 F 25 7 14 Vaginal
infection

History includes explicit expert diagnosis of
flucloxacillin-induced liver disease.

7 87 F 26 7 7 Cellulitis Missed diagnosis caused extensive invasive
and noninvasive work-up.

8 68 F 33 14 14 Postop. wound
infection

History includes explicit expert diagnosis of
flucloxacillin-induced liver disease.

9 69 M 14 7 14 ‘Rash’ Augmentin 2 days after flucloxacillin
10 47 F 29 7 7 Cellulitis/

abscess
Erythromycin 7 days after flucloxacillin.

11 78 M 18 14 28 Cellulitis/
abscess

Diagnostic work-up identified no other
cause of liver disease.

12 42 F 22 5 5 Rosacea Diagnostic work-up identified no other 
cause of liver disease.

13 76 F 19 14 56 Postop. wound 
infection

History includes explicit expert diagnosis of
flucloxacillin-induced liver disease.

14 62 F 32 28 28 Phlebitis History includes explicit expert diagnosis of 
drug-induced liver disease. Erythromycin 
12 days before flucloxacillin
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Cases where only computer-recorded data were available

 

15 43 F 30 7 14 Postop. wound 
infection

16 83 F 21 5 5 Toe infection
17 61 F 24 7 14 Leg abscess
18 46 M 17 12 12 Finger wound 

infection
19 15 M 21 4 8 Hand wound 

infection
20 16 F 16 7 7 Chest infection Trimethoprim/sulfamethoxazole 8 days before

flucloxacillin
21 73 M 34 7 14 Pneumonia
22 68 F 37 7 7 Phlebitis
23 88 F 44 7 7 Cellulitis
24 85 M 36 6 6 Skin infection

 

b) Cases 46–90 days after first exposure to flucloxacillin

 

Cases where detailed clinical records were available

 

1 81 F 82 7 7 Cellulitis Three prescriptions within 6 weeks. Latency 
time, dose and treatment duration refer only 
to first prescription. History includes explicit 
expert diagnosis of drug-induced liver disease.

 

Cases where only computer-recorded data were available.

 

2 84 F 49 5 10 Cellulitis/
abscess

3 88 F 75 6 6 Abscess
4 49 F 63 5 5 ‘’lump

superficial
Erythromycin 15 days after flucloxacillin.

5 54 F 58 27 27 Phlebitis First flucloxacillin for 7 days, then flucloxacillin
plus ampicillin for 20 days. Latency time 
refers to first prescription.

 

c) Case 1–45 days after oxtetracycline

 

Detailed clinical records were available

 

1 47 M 26 5 5 Cough Computer-recorded data and detailed patient
records were available

 

.

 

Age
(years) Sex

Latency
time (days)

Treatment
duration (days)

Total dose
(g) Indication Concomitant medication and comments

 

Table 4

 

45 day risk estimates for cholestatic liver disease after first exposure to flucloxacillin or oxytetracycline

 

1–45 days post flucloxacillin 46–90 days post flucloxacillin 1–45 days post oxytetracycline

 

Study population 283 097 283 097 131 189
Cases 24 5 1
45 day risk with 8.48 (5.43, 12.61) 1.77 (0.57, 4.12) 0.76 (0.02, 4.25)
95% CI per 100 000 users

 

Table 3

 

Continued
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16]. This may explain the long time-lag between the first
marketing of flucloxacillin in the 1970s and the first
reports of its idiosyncratic hepatotoxicity in the mid
1980s.

After a large number of individual case reports of
flucloxacillin-associated cholestatic liver disease
appeared between 1982 and 1993, the association was
confirmed by two formal epidemiological studies, which
provided a frequency estimation of flucloxacillin-asso-
ciated cholestatic liver disease of about 7 per 100 000
first-time users [15, 16]. The current follow-up study
yielded a similar risk estimate of 8.5 per 100 000 users.

This study relates only to cases of cholestatic liver
disease, whereas other forms of liver disease that may
be drug-induced were not studied. As in the previous
studies oxytetracycline was chosen as a comparison drug
because it is a frequently prescribed antibiotic and it has
rarely been reported to cause cholestatic hepatitis [15,
16]. Additionally we also determined the risk of devel-
oping cholestatic liver disease of unknown origin 46–
90 days after exposure to flucloxacillin, i.e. at a time
when we assumed that exposure to flucloxacillin was
much less likely to be the cause of liver disease. However,
a latency time of more than 45 days may be possible in
rare cases, and our study does not exclude the possibility
that cholestatic liver disease was caused by flucloxacillin
in one or more of the five patients where the diagnosis
was made between 46 and 90 days after exposure.

Age over 55 years, female sex and a treatment dura-
tion longer than 14 days have previously been proposed
as risk factors for flucloxacillin-induced liver disease

[13, 22]. The current study estimated a six-fold higher
risk of cholestatic liver disease after flucloxacillin in
patients aged 60 years and older compared with younger
patients. By contrast, female sex was not clearly identi-
fied as a risk factor, and only one case of cholestasis
occurring 1–45 days after flucloxacillin use, and two
cases occurring 46–90 days thereafter had a treatment
duration of more than 14 days.

We did not detect any material changes in the fre-
quency of first-time prescriptions of flucloxacillin in this
UK population-based study between 1991 and 2000.
Following the large number of publications in the early
1990s concerning the risk of flucloxacillin-induced liver
injury, the UK regulatory authority only published a
single warning concerning this issue in 1992 [19]. By
comparison the use of flucloxacillin decreased by about
30% after 1994 in Australia, and this was presumably
the result of a range of initiatives and interventions that
were implemented concurrently and repeatedly over
several years, including a governmental restriction of
the indication for flucloxacillin use to severe infections,
changing the product information, stopping of advertis-
ing and recommending cephalexin and erythromycin as
alternative treatments [4, 18]. The risk of drug-induced
cholestatic liver disease for these alternative drugs has
been estimated to be lower, i.e. about 3.6 and 2.0 per
100000 users for erythromycin and cephalexin, respec-
tively [23, 24]. Dicloxacillin is another halogenated
isoxazolyl penicillin that is used as oral treatment for 

 

S.
aureus

 

 infections in the United States, and that was
introduced onto the Australian market in 1997 to pro-
vide another alternative to flucloxacillin [25]. It has been
reported to have a similar efficacy in soft tissue infec-
tions to flucloxacillin [26, 27], but is not marketed in the
UK. In previous publications it was stated that there are
fewer spontaneous reports of liver disease related to
dicloxacillin as compared with flucloxacillin, and that
the risk may be lower [4, 22, 25]. The question of the
comparative hepatotoxic risk of flucloxacillin and
dicloxacillin is highly relevant to public health. How-
ever, in the current absence of formal population-based
epidemiological studies investigating the risk of liver
disease associated with dicloxacillin, differences in the
reporting frequency of adverse reactions for flucloxacil-
lin and dicloxacillin cannot be ruled out as the reason
for the higher number of reports of liver disease after
flucloxacillin use.

We noted that in the previous epidemiological study
covering the period from 1985 to 1991, flucloxacillin
was diagnosed by the treating physician as the cause of
liver disease in only two out of 10 cases, and in one of
those two only after flucloxacillin rechallenge with sub-

 

Figure 1

 

Flucloxacillin use in the UK from 1991 to 2000. Number of first-time 

flucloxacillin users per 1000 subjects in the GPRD between 1991 and 

 

2000
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sequent recurrence of jaundice [16]. By contrast, in the
current study that included cases from 1992 to 2002 we
identified such an explicit flucloxacillin attribution in
eight out of the 14 cases that occurred 1–45 days after
flucloxacillin where we received detailed patient
records. This finding may well reflect an increased
awareness of flucloxacillin’s potential hepatotoxicity
amongst physicians in the UK, who nevertheless con-
tinue to use flucloxacillin as a first-line treatment for
soft-tissue infections caused by 

 

S. aureus

 

 [20]. Though
one case of cholestatic liver disease per 12 000 first-time
users may be considered to be a relatively rare event, it
must be taken into account, that the risk is apparently
higher in older patients, that flucloxacillin-induced liver
disease is a potentially irreversible and lethal disease [5,
7, 17], and that the cases identified in this study only
represent a small proportion of the absolute number of
cases that occur each year in the UK, where flucloxacil-
lin is a frequently used drug with about two million
prescriptions per year [19].

 

The presented study was entirely investigator-originated
and not funded by a third party. Dr Russmann is
supported by a Merck Sharp & Dohme International
Fellowship in Clinical Pharmacology. We are indebted
to the general practitioners who contribute information

 

to the GPRD for their continuing effort and cooperation.
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